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Abstract 
A total of 1504 larval and 31 pupal Simuliidae were caught from March 2000 to February 
2001 at the Weidlingbach, a fourth order tributary of the Danube near Vienna, Austria, using a 
modified box sampler (sampling area = 2116 cm 2) at 12 sampling stations from source to 
mouth. From the six species collected, Prosimulium tomosvaryi (ENDERLEIN) and two species 
of the SimuIium ornatum-group ( S. trifasciatum CURTIS and S. ornatum MEI6EN) accounted 
for 97.5% of the total. Based on head width, instars 1-7 were collected in the S. ornatum- 
group and instars 2-7 in P. tomosvaryi; from two of the remaining species [Simulium (Never- 
mannia) cryophilum (RUBZOV) and S. (N.) vernum MACQUART], only pupae were sampled. 
The S. ornatum-group was most abundant on coarse substrates (median = 55.9 ram) exposed 
to high water velocity (median = 55.9 cm/s; range = 9-83 cm/s); the latter was also true for 
P. tomosvaryi although it favoured smaller sediment grain sizes (median = 32.4 ram). 
Species richness and population density increased from source to mouth. At sampling sites 
near the source Simuliidae were completely lacking. In headwaters only P. tomosvaryi was 
present, whereas the S. ornatum-group and Simulium (Simulium) argyreatum MEIGEN was 
collected exclusively near the mouth. 
Key words: Simuliidae - larvae - pupae - distribution - microhabitat - forth order forest 
stream 
Introduction 
One key question in stream ecology focuses on the influ- 
ence of biotic and abiotic factors on the spatial distribu- 
tion patterns of benthic organisms. Possible biotic expla- 
nations for such observed patterns range from trophic re- 
lationships (CUMMINS et al. 1966; MARIDET et al. 1996; 
MCINTOSn & TOWNSEND 1996; SCHMID & SCHMID- 
ARAYA 1997), to competition (McAuEIFFE 1984; BASSET 
1997; KOHLER & WILEY 1997) and food availability 
(ULFSTRAND 1967; POFF & WARD 1992; VOELZ & WARD 
1996). Among abiotic factors, hydraulic stress (mostly as 
current velocity; AMB~HL 1959; RABENI & MINSHALL 
1977; STATZNER & HOLM 1982; STATZNER et al. 1988; 
CRAIG 1990; LANCASTER & HILDREW 1993; KRNO 1996; 
GRILLET & BARRERA 1997; RAKOCINSKI 1997; WINTER- 
BOTTOM et al. 1997), water temperature (HYNES 1970; 
WARD 1976), substrate (REICE 1980; GURTZ & WALLACE 
1984; BARMUTA 1990; BOSCO & STANFORD 1996; 
CHALONER & WOTTON 1996; LESTER et al. 1996) and ul- 
traviolet radiation (K~FFNEY et al. 1997; LACOURSIERE & 
HEINTZENBER6 2000) have been studied in detail. Unfor- 
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tunately, such investigations a well as faunistic informa- 
tion still lack for the Simuliidae of the Wienerwald area, 
although a relatively large body of literature xists on 
species inventory, life cycles, faunistics and habitat char- 
acteristics from elsewhere (e.g. CRAm & C~ANCE 1982; 
ENIGK 1955; FESL 1994; GLATTHAAR 1978; REIDELBACH 
1994; R~HM 1969, 1983; SCI4EDER 2001; SE~TZ 1992; 
WICHAt~D 1976; WOTTON 1980, 1992; ZWICK 1974). 
The aim of this study was, therefore, 1) to provide 
faunistic data and information on the distribution of 
species along the Weidlingbach, 2) to elucidate abiotic 
parameters esponsible for the observed istribution pat- 
terns, and 3) to give information on life cycles of the ob- 
served species. In addition, we provide biometrical data 
on larval instars of some Simuliidae species. 
StudyArea 
The study was carried out at the Weidlingbach, a 12 km 
long, first to fourth order tributary of the Danube. Its 
drainage area (33.2 km 2) is situated in the Wienerwald, 
the densely forested easternmost pur of the Alps near 
Vienna, Austria (Fig. 1; 48 ° 17' N, 15o16 , E; altitude of 
source: 440 m; altitude of mouth: 164 m above sea level). 
The chemical properties of the water are strongly influ- 
enced by the calcareous sandstone, marl and slate of the 
soil that yields a high conductivity (up to 826 ~S/cm) and 
hardness (up to 24 °dH). Annual pH values range from 
7.3 to 8.7, and the oxygen content is always well above 
64%. The catchment area is mostly covered by deciduous 
forest consisting of Fagus syIvatica L., Carpinus betulus 
L., Quercus pp. and Acer spp.; only the lower reaches of 
the brook are bordered by human settlements. Sandy sub- 
strates are common within first and second order tribu- 
taries, but cobbles and pebbles predominate in the lower 
reaches. The mean annual discharge at the mouth is 0.15 
m3/s, but may be as high as 7.20 m3/s during spates due to 
the poor infiltration capacity of the soil (HADL et al. 
1976; SCI~O~ERI~ & REZABEK 1985). From first to fourth 
stream order sampling sites (Fig. 1), mean water depth 
(with range) increased from 4.4 cm (0.5-8 cm) to 9.2 cm 
(2-18 cm) and mean current velocity (at 40% depth) 
from 6.6 cm/s (2-32 cm/s) to 62.8 cm/s (9-105 cm/s). 
The range of annual water temperatures was 3.9-18.1 °C 
near the source, 2.9-18.6 °C at the second order, 
3.5-17.8 °C at the third order and 5.1-22.4 °C at fourth 
order sampling sites (ScHEDER 2002). 
Materials and Methods 
Eleven data sets were collected at intervals of four 
weeks between March 2000 and February 2001 at 12 
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Fig. 1. The Weidlingbach near Vienna, Austria, showing the locations of 12 sampling stations and distribution patterns of larval Simuliidae. 
• = Prosimuliurn tomosvaryi, 0 = Simulium (S.) ornatum / S. (S.) trifasciatum, [ ]  = Simulium (S.) argyreaturn, + = 5imulium (N.) cryophilum, 
+ = Simulium (IV.) vemum. Sampling stations (A-C, a-b, I-VII) are marked by open circles. 
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sampling stations (Fig. 1). At each sampling site, water 
depth and current velocity at 40% depth were mea- 
sured first, using an impeller-meter (Ott C2, propeller 
diameter = 30 mm). For measuring heterogeneity, a 
Heg sampler was equipped with a removable lid (pro- 
filer) bearing 15 randomly arranged holes (cf. STATZ- 
N~R et al. 1988). The sampler was pressed against the 
bottom, and 15 steel rods (length = 75 cm)were insert- 
ed into the lid's holes and allowed to glide freely to the 
bottom, thus producing a profile of substrate rough- 
ness. The length of each rod protruding from the lid 
was measured, the shortest one considered as zero 
level and subtracted from the remaining longer ods. 
Their mean was taken as an estimate of substrate het- 
erogeneity. Additionally, sediment samples were taken 
once at each sampling site, sieved in the laboratory 
using a Retsch VS 1000 sieve apparatus, and grain size 
key parameters were calculated (percentiles Q~0, Q2s, 
Qs0, Qw and Q90). 
At larval and pupal locations, current velocity was 
measured with the propeller-meter described above. For 
this, the propeller was put in the downmost position. In 
the laboratory, these data were corrected according to 
the maximum body height of the animals, using dimen- 
sionless diagrams for uniform turbulent flow given by 
DINGMAN (1984). 
Samples of blackfly larvae were taken with a rectan- 
gular box sampler which consists of an aluminium frame 
enclosing an area of 2116 cm ~ (46 cm x 46 cm). A trian- 
gular section attached to the upstream side of the box 
forces the water to divide alongside the sampler, result- 
ing in smooth flow conditions inside. At the downstream 
side the sampler is closed by a net. Samples were strati- 
fied by habitat (stones, woody substrate, leaves) and 
sediment type. 
In the laboratory, larval and pupal Simuliidae were 
identified using the key by S~TZ (1998). Last instar lar- 
vae were put into acetic acid in order to get pupal gills 
unrolled. Blackfly pupae were identified without prepa- 
ration, except for the Simulium ornatum-group where 
the thoracic uticle was removed and thoracic tubercles 
counted under a microsope. Larval head capsule widths 
were measured to the nearest 0.01 mm in order to sepa- 
rate larval instars. 
SPSS 10.0 for Windows and SigmaPlot 5.0 for Win- 
dows were used for statistical nalysis and graphics. 
Results 
Species collected 
From March 2000 to February 2001, a total of 1504 lar- 
vae and 31 pupae belonging to 6 species were collected 
(Table 1). Prosimulium tomosvaryi and the Simulium or- 
nature-group [Simulium (Simulium) ornatum and 
Table 1. Simuliidae species (larvae and pupae) caught at 12 sampling stations in the Weidlingbach (2000-2001); showing the sampling sites 
indicated in Fig. 1 (A-C, I-VII, a-b), the number of larvae collected at each site and the total number with percentage. 
~ ~ oo .~ ~ .~ oo ~ o~ ~ o~ 
~- ~ ~ - ~ ~,> ~o~ ~ N  ~ 
- ~ ~ ~=< - _~.~ %%~ % o_ .~ ,~ % ~ ~ -  ~o~ 
c,n C~ 
E 
A 0 0 0 0 0 0 0 0 0.0 
B 282 0 0 0 0 0 0 282 18.4 
C 95 1 8 0 0 1 0 105 6.9 
I 0 0 0 0 0 0 0 0 0.0 
II 5 0 0 0 0 0 0 5 0.3 
III 77 0 0 0 0 0 0 77 5.0 
IV 88 0 0 0 0 0 0 88 5.7 
V 2 0 0 0 0 0 0 2 0.1 
VI 3 0 0 0 0 0 1 4 0.3 
VII 0 0 0 0 0 0 0 0 0.0 
a 84 119 312 221 27 0 0 763 49.7 
b 29 40 58 73 9 0 0 209 13.6 
total 665 160 378 294 36 1 1 1535 
% 43.3 10.4 24.6 19.2 2.3 0.1 0.1 100.0 
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Simulium (Simulium) trifasciatum] were by far the most 
abundant Simuliid taxa, accounting for 97.5% of the 
total, whereas Simulium (Nevermannia) vernum and S. 
(N.) cryophilum each were represented by one specimen 
only. SimuIium (Simulium) argyreatum was also a rare 
species and accounted for 2.3% of the total catch. 
Larval instars and life cycles 
Seven instars are generally described for most Central 
European species (ZwlcK 1978). Combining this infor- 
mation with frequency histograms based on head width 
measurements of 1466 larvae, we were able to relate 
head width ranges with the ultimate, penultimate and, in 
S. ornatum, also with the pre-penultimate instar number 
(Fig. 2). The presence of pupal gill histoblasts in the final 
instar was helpful for separating seventh instar larvae 
from earlier instars. Instar grouping was checked by cor- 
relating clearly identified larval instar numbers (ultimate 
- pre-penultimate instar) with their in-transformed head 
widths. For the taxa included in Fig. 2, the regressions 
were highly significant. Therefore, the relationship be- 
tween head width and the instar number was exponential, 
and Dyar's rule was applicable which was subsequently 
used for extrapolating head width data for early instars 
lacking in our samples or for instars not clearly separated 
in the frequency histograms (Fig. 2). According to this 
procedure, head width for first to seventh instar larvae of 
S. tomosvaryi were 0.20-0.23, 0.24-0.29, 0.30-0.36, 
0.37-0.44, 0.45-0.54, 0.55-0.66 and > 0.67 ram. For S. 
ornatum and S. trifasciatum, the corresponding data were 
0.14-0.17, 0.18-0.23, 0.24-0.31, 0.32-0.41, 0.42-0.54, 
0.55-0.71 and > 0.72 mm, respectively. 
The life cycle of P. tomosvaryi (Fig. 3) has only one 
generation per year with last instar larvae being abun- 
dant in March, April and May. Pupation must have taken 
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Fig. 2. Frequency distribution histograms of larval head width measurements of the most abundant Simuliidae species caught at the Weid- 
lingbach. Instar numbers (roman numerals) are marked at the top where possible. Head widths where pupal gill histoblasts clearly identified 
final instar larvae are indicated by an arrow, Young larvae of the 9imulium omatum-group were pooled. 
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place between May and June (no pupae were actually 
found, but last instar larvae with readily developed pupal 
gills were collected in late May and pupae were already 
lacking in late June). The species is on the wing in early 
summer (REIDELBACH 1994). During summer and au- 
tumn, larvae and pupae were totally missing in the Weid- 
lingbach. 
Since larvae of the S. ornatum-group (S. trifasciatum, 
S. ornatum) may be identified to species level only in in- 
stars 5-7 and as pupae, we first checked the temporal 
distribution of the two species at these stages. The fre- 
quency histograms of both species were practically the 
same, except hat in November 86% of the monthly 
catch was in the fifth instar in S. trifasciatum, whilst 
57% was in the sixth instar in S. ornatum. Based on this 
similarity of the life cycle we decided to combine the 
data of larval instars 5-7 and of pupae of both species as 
well as early instars 1-4 into one diagram (Fig. 3b). 
Based on these combined ata the Simulium ornatum- 
group has three generations per year at the Weidling- 
bach. The first generation pupated in April, and, accord- 
ing to REIDELBACH (1994), adults can be found from 
April until May. Second instar larvae of the following 
generation were collected in May, with pupation starting 
in late August. Finally, first instar larvae of the third gen- 
eration were collected in November with pupation fol- 
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Fig. 3. Life history diagrams of Prosimulium tomosvaryi(a) and the 5imuliurn ornatum-group (5, trifasdatum, 5. ornaturn; b); showing the 
flight period (E; after REIDELBACH (1994)), and the percentage of larval instars 1-7 and of pupae (P) at each sampling date. In (b), roman numer- 
als indicate generations per year. The numbers of specimens collected at each date are shown at the top of each histogram. 
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lowing in February. One generation of the Simulium or- 
nature-group takes approximately four months. 
Population densities of the species collected in the 
Weidlingbach ranged from 0 to 127 specimens per 0.2 m 2 
(Table 2). In P. tomosvaryi, densities were highest in 
spring (March-April: 18-44 specimens per 0.2 m2); in the 
S. ornatum-group, the pattern was not so clear, but, gener- 
ally, lower densities were observed in winter and spring. 
Microhabitat characteristics 
Simuliidae species were collected over a wide range of 
current velocities [9 to 83 cm/s; corrected according to 
the maximum body height of the animals, using dimen- 
sionless diagrams for uniform turbulent flow given by 
DINGMAN (1984)]. 
The median of the frequency distribution was 
48.5-53.0 cm/s in both Prosimulium tomosvaryi and the 
Simulium ornatum-group (Fig. 4). 
Both taxa studied in detail were most abundant on 
coarse gravel substrate; however, the median of sites 
colonized by P. tomosvaryi was significantly lower (me- 
dian = 32.4 ram) than in the S. ornatum-group (median = 
55.9 mm). 
In order to explore patterns of environmental variables 
which might be responsible for the spatial distribution pat- 
terns observed in the Weidlingbach catchment, a principal 
component analysis of site-specific abiotic data listed in 
Table 3 was made. According to the Kaiser criterion 
(KAISER 1960), five factors were retained, explaining 91% 
of abiotic data variance. The analysis revealed high factor 
loadings for parameters a sociated with particle size, oxy- 
gen and current velocity, explaining 33% of the variance. 
As current velocity acts as a key parameter for this group, 
it may be interpreted as "velocity axis". The second and 
third factor yielded, among others, high loadings for hard- 
ness, conductivity and pH and may be termed "hydro- 
chemical axis"; both factors explained 32% of the vari- 
ance. The fourth and fifth factor explained 13 and 10% of 
variance, respectively (Table 3). Therefore, the set of abi- 
otic parameters measured at each sampling site could be 
generally reduced to a hydrochemical nd a velocity axis. 
Larval and pupal abundances of species tudied in detail 
( P. tomosvaryi, Simulium ornatum, S. trifasciatum, young 
larvae of the S. ornatum-group) were highly significantly 
correlated with oxygen content, current velocity and sub- 
strate grain size (P < 0.001). 
A subsequent cluster analysis [hierarchical classifica- 
tion, Ward method (SPSS 10.0 for Windows)] based on 
heterogeneity, current velocity, water depth and sub- 
strate parameters (Q10, Q25, Qs0, Q75, Q90) yielded three 
groups of sampling sites: 
• Group 1 consisted mainly of spring locations A, I, II 
and VII, characterized by small grain sizes with low het- 
erogeneity and low current velocity. Simuliidae species 
were almost completely acking at these sites, except site 
II where P. lomosvaryi was seldom collected (= 0.3% of 
the total). 
• Group 2 consisted of headwater and midstream 
sampling sites B, C, II1-VI and of the downstream site b. 
The sediments at these locations consisted of coarse sub- 
strate with high heterogeneity, and mean current veloci- 
ties were up to 48.3 cm/s at 40% depth. All species were 
present at these sites, yielding 0.1-18.4% of the total 
catch. 
• Group 3 consisted of site a only which was very 
densely populated by all species except S. cryophilum 
and S. vernum and yielded 49.7% of the total catch. This 
site was fully insolated and mostly paved with flat stone 
slabs that provided ideal substrate conditions for black- 
Table 2. Population densities (specimens / 0.2 m2; arithmetic means ± standard eviation) of Simuliidae species of the Weidlingbach from 
March 2000 to February 2001. In the Simulium ornatum-group, S. omatum and S. trifasciatum were pooled because young larvae (head 
width < 0.4 ram) cannot be identified to species level. 
Prosimu/iurn Sirnulium ornaturn- Simulium Simulium Simufium 
tomosvaryi group (pooled data) argyreaturn cryophilum vernum 
March 17.9±17.4 2.7±1.5 0.0±0.0 0.0±0.0 0.0±0.0 
April 43.0±80,5 4.7±2.9 2,0±0.0 1.0±0.0 0.0±0.0 
May 43.7±32,0 14.3±24.8 0,0±0.0 0.0±0.0 0.0±0.0 
June 0.0±0.0 10.0±8.9 0.0±0.0 0.0±0.0 1.0±0.0 
July 0.0±0.0 34.3±29.7 0.0±0.0 0.0±0.0 0.0±0,0 
August 0.0±0.9 50.0±64,6 0.0±0.0 0.0±0.0 0.0±0.0 
October 0,0±0.0 2.0±3.5 0.0±0.0 0.0±0.0 0.0±0.0 
November 0.0±0.0 127.0±217,4 15.0±0.0 0.0±0.0 0.0±0.0 
December 0.0±0,0 0.3±0.6 0.0±0.0 0.0±0.0 0.0±0.0 
January 9.4±17.7 16.0±17.7 3.0±2.8 0.0±0,0 0.0±0,0 
February 5.7±2.1 15.7±20£ 6.5±3,5 0.0±0.0 0,0±0,0 
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fly larvae, but also for water mosses and filiform algae. 
Mean current velocity was 77.3 cm/s (maximum = 105 
cm/s). Larval and pupal abundances were highly signifi- 
cantly correlated with the three groups defined by the 
cluster analysis (Anova; P < 0.001). Detailed habitat 
characteristics for the three site groups defined by clus- 
ter analysis are given in Table 4. 
Longitudinal zonation patterns 
The species richness of Simuliidae increased from no 
species at all at first Strahler stream order (STRaHLER 
1957) sampling stations (I, VII, A; Fig. 1) to 1 species at 
second order locations (II, B) and 5 species at third order 
sites (III-VI, C). At fourth order stations (a, b) the num- 
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Fig. 4. Current velocity (cm/s) preference histograms of larvae of Prosimulium tomosvaryi and the 5imulium omatum-group (n/m 2 _+ S.D,) in 
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ber of species decrased again to 4 (Table 1). There was 
also a distinct increase in abundance from source to 
mouth, ranging from 0.3-18.4% of the total catch at sec- 
ond order stations to 13.6-49.7% of the total at fourth 
order stations (Table 1). At the species level, P. to- 
mosvaryi was most abundant at second order sites, 
whereas the S. ornatum-group (S. ornatum, S. trifascia- 
turn), along with S. argyreatum, dominated fourth order 
sites. The single pupae of S. cryophilum and S. vernum 
were collected at third order sites. 
Discussion 
The species observed in the present study have been re- 
peatedly reported throughout Europe and Austria and are 
also frequently associated. In the Breitenbach (Hesse, 
Germany) for example, R2~DELBACH (1994) observed al- 
most he same species inventory with only one addition- 
al species (Simulium noelleri) which is a typical inhabi- 
tant of lake outlets (WOTTON 1992) and therefore lacking 
in the Weidlingbach catchment. P. hirtipes, another fie- 
Table 3. Factor Ioadings of abiotic parameters at the Weidlingbach sampling sites as obtained from a principal component analysis with 5 fac- 
tors extracted according to the Kaiser criterion and varimax rotation, 
Factor 
1 2 3 4 5 
Variability explained 33% 18% 14% 13% 10% 
Sediment parameters 
Qlo 0.957 0.071 0.121 -0.167 0.022 
Q2s 0.989 0.013 0.022 0.012 0.084 
Qso 0.981 0.051 -0,036 0.132 0.109 
QTs 0.951 0,080 -0.105 0.202 0,148 
Qgo 0.928 0.068 -0.145 0.200 0.163 
Heterogeneity -0.739 -0.343 -0,065 0.527 -0,015 
Heterogeneity range -0,183 -0.034 -0,338 0.830 0.229 
Hydrochemical parameters (means) 
pH -0.272 -0.891 -0.153 -0.086 0.176 
02 0.640 0.461 -0,030 0.510 -0.065 
Hardness -0.102 0.101 0,853 -0,342 -0,149 
Conductivity -0,168 -0,077 0.846 -0,360 -0,247 
Hydrochemical parameters (range) 
pH range -0,186 0,934 -0,064 0.025 O. 102 
02 range -0,286 -0,395 0.175 0.008 0.778 
Hardness range 0.056 -0,031 0.941 -0,034 0.205 
Conductivity range 0.068 0.113 0.550 0,424 0.658 
Hydrology (means) 
Current velocity 0,868 0.307 -0.215 0.157 -0.161 
Water depth 0.261 0,036 -0,320 0.763 0.070 
Water temperature 0,068 -0.032 0.393 -0.149 -0,871 
Hydrology (ranges) 
Current velocity range -0,083 0.815 -0.310 -0.081 -0.107 
Water depth range 0,434 0.463 -0.009 0.656 0,049 
Water temperature range O. 120 0.679 0.037 0.482 0.476 
Radiation 
Radiation (mean) 0.643 0.597 0.237 0,079 -0.291 
Radiation (range) 0.637 0,594 0.253 0,061 -0.290 
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quently recorded species typical for low order forest 
brooks (MOOG 1995) was lacking in the Weidlingbach, 
most probably because the letal upper temperature 
threshold for larvae and pupae of this species (= 16 °C; 
DAVIES & SMITH 1958) was clearly exceeded by late 
spring water temperatures of our study stream. The tem- 
perature threshold for development is much higher in P. 
tomosvaryi, the most abundant Simuliid in the Weidling- 
bach; this may be due to the high number of pupal gills 
enabling a very efficient oxygen uptake ven at lowered 
oxygen concentrations during periods of high water tem- 
peratures (RIVOSECCHI 1976). 
As a consequence, habitats of P. tomosvaryi also ex- 
tend to the lowlands (JEDLI~KA 1968). The distribution 
of this species is european and trans-caucasian (SEITZ 
1992; ZWICK 1978). S. ornatum is a common palearctic 
species with a high degree of ecological plasticity which 
becomes most abundant in streams and rivers with in- 
creased saprobity (KNoz 1965; WICHARD 1976). The 
second member of the ornatum-group observed in the 
Weidlingbach is S. trifasciatum, aEuropean species typ- 
ical in running waters of low mountain ranges and alpine 
foothills bordered by meadows and brush. Larvae and 
pupae favour macrophytic substrates near the banks 
(SEITZ 1992; CROSSKEY 1987) as well as pebbles and 
cobbles (KIEL, pers. commun.). S. argyreatum is also a 
widespread European species, favouring the middle and 
lower sections of larger streams with high current veloc- 
ities up to 2.5 m/s (GLATTHAAR 1978; SEITZ 1992). The 
two Nevennannia species (S. cryophilum, S. vernum) 
were only represented by single pupae in the present 
study. S. vernum is a holarctic species inhabiting a wide 
spectrum of running waters ranging from forest streams 
to large rivers whilst S. cryophilum favours springs, 
spring brooks and headwater sections of low mountain 
ranges (CAR 1981; KNOZ 1965; KNOZ & SASINKOVA 
1969; ZWICK 1974). According to MOOG (1995) and 
KIEL (pers. commun.), P. tomosvaryi, S. cryophilum and 
S. trifasciatum are restricted to the rhithral section, 
whereas S. argyreatum ranges as far as the epipotamal 
and S. ornatum as far as the meta- and hypopotamal 
stream section; finally, S. vernum is an inhabitant of 
woodlands ranging from the rhithral section of Alpine 
running waters to lowland streams. 
Seven instars are generally described for Central Eu- 
ropean species (ZWlCK 1978), although 4-8 larval instars 
are reported from North European blackflies (JENSEN 
1997). For the reconstruction of life histories, instar 
grouping of larvae based on head widths is the most ac- 
curate biometrical method. In addition, Dyar's rule was 
used for extrapolating head width data for early instars 
lacking in our samples or for instars not clearly separat- 
ed in the frequency histograms. These methods enabled 
us to define the larval instars in P. tomosvaryi and the 
S. ornatum-group (Fig. 2). 
Simuliidae form an important component of stream 
benthos. Nevertheless, surprisingly little is known about 
their life cycles in Austrian streams and rivers. In P. to- 
mosvaryi the life cyle was univoltine with larvae appear- 
ing in January and February (Fig. 3). In these months, al- 
most all larval instars were already present, although the 
proportion of final instars remained very small. Howev- 
er, from March onwards, this proportion increased sig- 
nificantly, marking the onset of pupation. From June to 
Table 4. Habitat characteristics of the Simuliidae species of the Weidlingbach, based on cluster analysis. 
Parameter Group 1 Group 2 Group 3 
(Sites A, I, II, VII) (Sites B, C, III-VI, b) (Site a) 
Median of sediment (ram) 
Heterogeneity 
Current velocity (arithmetic means of site-specific 
data sets 2000-2001;40% depth; cm/s) 
Annual range of water temperature (°C) 
Conductivity (pS/cm) 
pH 
Radiation (Phar; liE) 
Oxygen (%) 
Hardness (German degrees) 
Species inventory 
0.4-4.7 
2,17-3.22 
6.6-27.6 
2.9-18.1 
620-826 
7.3-8.7 
1.0-8.3 
64-100 
16-28 
P. tomosvaryi (rare) 
0.4-28.8 
2.15-3.96 
32.0-48.3 
3.5-22.4 
592-734 
7.4-8.7 
0.6-360.0 
82-112 
15-24 
P. tomosvaryi (abundant) 
S. omaturn (medium) 
S. trifasciatum (medium) 
S. argyreatum (rare) 
S. cryophilum (rare) 
S. vemum (rare) 
paved with stone slabs 
0.00 
77.3 
5.7-18.8 
664-718 
7.4-8.5 
7.2-368.0 
94-115 
17-24 
P. tomosvaryi (medium) 
S. ornatum (abundant) 
S, trifasciatum (abundant) 
S. argyreatum (medium) 
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December no larvae and pupae could be detected, sup- 
porting the findings of REIDELBACH (1994) who stated 
that the summer months are spent in egg dormancy. 
More than one generation per year have been observed 
in S. ornatum and S. trifasciatum, ranging from 2 to 4 
(BASS 1998; SEITZ 1992; ZwIcK 1974) or even more than 
4 generations (R~M 1969). According to our findings, 
S. trifasciatum and S. ornatum have 3 generations per 
year at the Weidlingbach (Fig. 3). 
Within the category of natural substrates, both taxa 
studied in detail (P. tomosvaryi, S. ornatum-group) were 
most abundant on coarse gravel. This finding might be 
helpful for explaining the lacking of Simuliids at the 
spring and spring brook sites: at site I and A muddy sub- 
strates dominated, whereas at site VII, coarse sediment 
particles were totally covered by beech leaves through- 
out the year. In addition, maximum water temperatures 
recorded at these sites (up to 18.1 °C) might have been 
too high for typical crenobiotic species uch as S. creno- 
bium or S. costatum. On the other hand, 49.7% of the 
specimens sampled uring this study originated from 
site a, situated in the small town of Weidling and artifi- 
cially paved with large, flat, irregular stone slabs. Due to 
their immobility even during the highest floodings these 
slabs seem to provide an even better substrate for black- 
fly larvae than coarse gravel particles. Besides this, both 
high current velocities and plenty of nutrients favoured 
high population densities at site a. 
Mean current velocities acting at the upper body edge 
were generally high; medians ranged from 48.5-53.0 
cm/s in both P. tomosvaryi and the S. ornatum-group 
(Fig. 4). In fact, Simuliidae species are generally classi- 
fied as rheobiontic (e.g. SCI~RODEk 1988; TIMM ~; KLOPP 
1993) and may colonize stream sections with water ve- 
locities up to 2.5 m/s (GLATTHAAR 1978). High current 
velocities greatly maximize food consumption for 
blackfly larvae which belong almost exclusively (except 
Twinnia hydroides, agrazer) to the functional feeding 
group of passive filtering gatherers and may also com- 
pensate for low oxygen levels. The latter has been clear- 
ly shown by ENIGK (1955) who observed normal devel- 
opment in first larval instars of S. argyreatum and S. or- 
nature subject to oxygen concentrations as low as 18%. 
The variation of abiotic and biotic factors down the 
length of running waters is reflected by a corresponding 
longitudinal sequence in the distribution of species, with 
distinct patterns observed in Simuliidae providing illus- 
trative examples (e.g. MooG 1995; SEITZ 1992). The 
marked increase in species richness and density in the 
downstream direction observed here (Table 1) reflects 
the increase of mean current velocities and sediment 
grain size as well as hydrochemical gradients which is 
also illustrated by the results of the cluster analysis um- 
marized in Table 4. Mean current velocities increased 
from 6.6-27.6 cm/s at the sites pooled in cluster 1 to 77.3 
cm/s at the downstream cluster 3 (site a; Table 4). The 
proportion of sandy substrates was higher in first and 
second order tributaries, but cobbles and pebbles pre- 
dominated inthe lower reaches of the Weidlingbach (ex- 
cept sampling site a with its artificial pavement). Due to 
the soil geology and the short distance to the source, 
hardness and conductivity values were high at upstream 
locations (up to 28 German degrees and up to 826 
~S/cm). Eventually, deposition of calcium carbonate up- 
stream reduced hardness and conductivity values at 
downstream sites (e.g. up to 24 German degrees and up 
to 718 ~S/cm at site a). These combined gradients may 
explain the longitudinal distribution patterns discussed 
above as well as the observed increase in species rich- 
ness and population density. 
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